This study was performed to determine whether TCDD (50 &kg; single oral dose) could induce adrenal microsomal lipid peroxidation, which might be correlated to decreased levels of cytochrome P-450 and 21-hydroxylase activity. The amount of malondialdehyde (MDA) formed was significantly higher than controls at days 1 through 5 following TCDD treatment.
INTRODUCTION
Polychlorinated dibenzo-p-dioxins (PCDDs) have received increasing attention in the scientific literature over the past 20 years as toxic environmental pollutants. Most attention has focused on 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) which is considered to be the most toxic and extensively studied PCDD.
TCDD is a toxic and undesired by-product formed during incineration, bleaching of paper pulp and the commercial synthesis of chlorinated phenoxyacetic acid herbi-tides [l-3] . Widespread use of herbicides, as well as the presence of TCDD in incinerated trash and bleached paper products, has caused concern over potential human health hazards associated with the release of this chemical into the environment [4, 5] .
Animals exposed to 2,3,7,8-tetrachlorodibenzo-~-dioxin (TCDD) typically exhibit reduced food intake and waste away in a starvation-like manner, with death occurring from 2 to 6 weeks after administration of a single, oral dose [6] . TCDD-induced hirsutism, alopecia and chloracne reported in various mammalian species suggest that adverse effects of TCDD may be mediated through alterations in endocrine function [7-l I]. Anorexia, progressive weight loss and hypoglycemia suggest that this toxicant alters adrenal function [12, 13] . This suggestion is given added weight by the observation of accumulation of TCDD in the adrenal gland and pathological lesions in this organ following TCDD exposure [14, 15] . Previous studies in this laboratory have shown that exposure of rats to TCDD results in decreased adrenal 21-hydroxylase activity associated with depressed levels of microsomal cytochrome P-450 [I 61. It has been shown that porcine adrenocortical microsomal cytochrome P-450 content and 21-hydroxylase activity are very susceptible to lipid peroxidation [ 171. Increases in the rate of lipid peroxidation in bovine adrenal cortex and guinea pig adrenal microsomes are associated with a decrease in the activity of adrenocortical 21-hydroxylase [ 18,193. Thus, damage to monooxygenases may have deleterious effects on adrenocortical function, especially adrenal steroidogenesis. TCDD-induced microsomal lipid peroxidation has been demonstrated in a variety of tissues, including liver, kidney, thymus and testes [20] . The present study was undertaken to determine whether TCDD could induce microsomal lipid peroxidation in the adrenal glands of male rats and if lipid peroxidation could be correlated to decreased concentrations of adrenal microsomal cytochrome P-450 levels and 21-hydroxylase activity.
MATERIALS AND METHODS
TCDD (50 ,@kg body weight) was administered in a single oral dose to adult, male Sprague-Dawley rats (Charles River, Portage, MI; 220-240 g). Acetone/corn oil (1:2, 3.8 m&ml) served as the control vehicle. Rats were permitted food (Purina Rodent Chow, Ralston-Purina Co., St. Louis, MO) and water ad libitum, and were maintained on a 12-h light/dark cycle. Rats were sacrificed (8:00 a.m.) by decapitation and the adrenal glands were removed, trimmed of fat, and weighed. The adrenal glands from 12 animals were pooled and homogenized in 0.01 M Tris-HCl (pH 7.4), containing 0.25 M sucrose and 0.5 mM Na,EDTA (homogenization buffer) using a motordriven glass Potter-~lvehjem homogenizer and a Teflon pestle (0.15 mm clearance). The homogenate was centrifuged at 14 000 x g for 15 min to pellet the unbroken cells, nuclei and mitochondria. The postmitochondrial supernatant fraction was centrifuged at 105 000 x g for 60 min to pellet the microsomes. The microsomal pellet was resuspended in 0.02 M Tris-HCl (pH 7.4). The microsomal homogenate was diluted 4-fold with the homogenization buffer and resedimented at 105 000 x g for 60 min to remove the EDTA and sucrose, and to minimize cytosolic contaminants. The washed microsomes were resuspended in 0.1 M potassium phosphate (pH 7.4).
Lipid peroxidation was determined as follows: A microsomal suspension (final protein concentration of 0.4 mg!ml) was incubated for 15 min with 75 ,uM FeSO,, 0.8 mM NADPH, 0.1 M potassium phosphate (pH 7.4), in a total volume of 0.5 ml. Incubations were conducted in a metabolic shaker (100 oscillations per min) at 37" C. After incubation aliquots were removed from each flask for MDA determinations and the remainder was centrifuged at 105 000 x g for 60 min to sediment the microsomal fraction. The microsomal pellets were then resuspended in 0.1' M potassium phosphate buffer (pH 7.4), and used for cytochrome P-450 analyses and quantification of 2 1 -hydroxylase activity.
The amount of (MDA) was determined spectrophotometrically by the thiobarbituric acid method [21, 22] using an extinction coefficient of 156 mM_' cm-' [23] . Butylated hydroxytoluene was added to the TBA reagent (0.01%) to prevent nonspecific chromophore formation during boiling. Cytochrome P-450 concentrations were measured by the carbon monoxide difference spectrum (450490 nm) of the dithionite-reduced microsomes using an extinction coefficient of 91 mM_' cm-' [24] .
21-Hydroxylase enzyme activity was determined as follows: 200 ~1 of microsomal suspension (50 pg protein) was incubated with 500 PM glucose-6-phosphate, 5 units glucose-6-phosphate dehydrogenase, 5 mM MgCl,, and 25 ,uM (0.56 ,Ki) [14C]progesterone in a total volume of 0.4 ml. Incubations were conducted in a metabolic shaker at 37°C for 10 min. The reaction was terminated by the addition of 1.6 ml (5"C) methanol. The deoxycorticosterone formed was isolated by thin-layer chromatography (cyclohexane/ethylacetate, 45:55 v/v), scraped from the plate, placed in 1 ml scintillation fluid (ScintiVerseTM, Fisher Scientific, Pittsburgh, PA), and quantified by counting each sample for radioactivity. Microsomal protein concentrations were determined as described by Lowry [25] . Statistical differences between mean values were analyzed by Student's t-test.
RESULTS
The amount of MDA formed was found to be significantly higher than controls at days 1, 2, 3 and 5 following the administration of TCDD (Fig. 1) . The amount of MDA produced was increased 1.9-fold relative to controls on day 1; whereas at days 2, 3 and 5 the amount of MDA produced was increased 5-, 3.5-and 3.1-fold, respectively. The TCDD induced adrenal microsomal lipid peroxidation appears to be associated with a depression of adrenal microsomal cytochrome P-450 levels and adrenal microsomal 2 1 -hydroxylase activity (Table I) . Adrenal microsomal cytochrome P-450 levels were depressed after lipid peroxidation to 63% of controls at day 1; whereas at days 3 and 5 the levels were decreased to 74% and 56% of controls, respectively. 21-Hydroxylase activity was also depressed after lipid peroxidation at day 5 to 73% of control.
DISCUSSION
The data provided in Figure 1 show that TCDD is capable of stimulating lipid peroxidation in rat adrenal microsomes. TCDD-induced microsomal lipid peroxidation has been demonstrated in a variety of other tissues [20] , but never before in the adrenal gland. These results indicate that TCDD causes early increases in adrenal microsomal lipid peroxidation that are associated with depressed levels of adrenal microsomal cytochrome P-450 concentrations and decreased activity of adrenal microsomal 2 1 -hydroxylase.
Progressive depression of microsomal cytochrome P-450 from days 2-5 is consistent with its reported half-life of 2.9 days [26] . The activity of microsomal21-hydroxylase was not depressed to the same extent as was microsomal cytochrome P-450. This observation may be due to the presence of additional microsomal cytochrome P-450 in the adrenal gland. For example, it has been reported that 17a-hydroxylase is present in the rat adrenal. However, this 17a-hydroxylase does not function in the rat corticosteroid biosynthetic pathway except when induced by estrogen [27] . Also, the half-life of rat microsomal21-hydroxylase (4.5 days) is greater that that for microsomal cytochrome P-450 (2.9 days), suggesting that another microsomal cytochrome P-450 exists in the rat adrenal [26] . Kaufmann et al. [28] and Diedrichsen et al. [29] suggest that in the rat two alternate pathways for the formation of 21-hydroxylated steroids exist: (i) the 5-ene substrate pathway, and (ii) the 3-keto-4-ene substrate pathway. In fact, there is evidence that two 21-hydroxylase isozymes exist in the rat adrenal gland. Both 21-hydroxypregnenolone and 17,21-dihydroxypregnenolone have been recovered in rat adrenal tissue indicating that both pregnenolone and 17-hydroxyprogesterone can serve as substrates for rat adrenal 21-hydroxylase [28, 29] .
Increases in lipid peroxidation have been shown to promote the degradation of Each value is expressed as the mean + SE, n = 12. '*' indicates a significant difference (P < 0.05) between TCDD-treated and control rats.
microsomal cytochrome levels and loss of 2 1 -hydroxylase activity [ 18,191. It is possible that the early increases of lipid peroxidation in rat adrenal microsomes are associated with the decline of microsomal cytochrome P-450 levels and 21-hydroxylase activity following TCDD exposure. Since 21 -hydroxylase is microsomal cytochrome P-450 dependent [30] , it is possible that TCDD induced lipid peroxidation could facilitate decreased adrenal corticosteroid biosynthesis by the adrenal cortex. Blood concentrations of corticosterone (the adrenal steroid predominant in the rat) have been reported to be depressed by TCDD exposure [31] . Ultimately, TCDD-induced lipid peroxidation could interfere with adrenal corticosteroid biosynthesis and depress blood levels of corticosteroids.
